As lactobacilli possess an antagonistic growth property, these bacteria may be beneficial as bioprotective agents for infection control. However, whether the antagonistic growth effects are attributed to the lactobacilli themselves or their fermentative broth remains unclear. The antagonistic growth effects of Lactobacillus salivarius and Lactobacillus fermentum as well as their fermentative broth were thus tested using both disc agar diffusion test and broth dilution method, and their effects on periodontal pathogens, including Streptococcus mutans, Streptococcus sanguis, and Porphyromonas gingivalis in vitro at different concentrations and for different time periods were also compared. Both Lactobacillus salivarius and Lactobacillus fermentum and their concentrated fermentative broth were shown to inhibit significantly the growth of Streptococcus mutans, Streptococcus sanguis, and Porphyromonas gingivalis, although different inhibitory effects were observed for different pathogens. The higher the counts of lactobacilli and the higher the folds of concentrated fermentative broth, the stronger the inhibitory effects are observed. The inhibitory effect is demonstrated to be dose-dependent. Moreover, for the lactobacilli themselves, Lactobacillus fermentum showed stronger inhibitory effects than Lactobacillus salivarius. However, the fermentative broth of Lactobacillus fermentum showed weaker inhibitory effects than that of Lactobacillus salivarius.
INTRODUCTION
Periodontitis, one of the most prevalent oral diseases, is associated with the imbalance of indigenous microbiota (10), and subsequently induces overgrowth of periodontal pathogens including Streptococcus mutans, Streptococcus sanguis, and Porphyromonas gingivalis (10, 21, 25, 27, 28) . To treat periodontitis, antibiotic therapy is usually administered along with traditional treatments, including scaling and root planning, for reducing the bacteria and preventing the recurrence of infection (7, 12) . However, some individuals with periodontal disease respond neither to the treatment of scaling and root planning alone nor to treatment in combination with antibiotic therapy (32). Moreover, antibiotic resistance poses further problems, thus limiting the application of antibiotic therapy in the treatment of periodontitis (30, 31) . Therefore, additional strategies on the use of probiotics in prevention and treatment of periodontal disease are strongly recommended.
Lactobacilli colonize naturally in the vagina and digestive tract, and possess antagonistic growth properties that offer protection from invasive pathogens (20) . Genitourinary infections lead to a shift in the local flora from a predominance of lactobacilli to coliform uropathogens. Use of lactobacilluscontaining probiotics to restore commensal vaginal flora has been proposed for the treatment and prophylaxis of bacterial urogenital infections (6) . Among lactobacilli genera, Lactobacillus salivarius and Lactobacillus fermentum are two of the most prevalent species in human saliva (9, 10). The genera belonging to this group can produce organic acids, such as lactic acid and acetic acid from carbohydrate fermentation, which can interfere with the growth of surrounding microorganisms and hydrogen peroxide which are antimicrobial substances (14) . As lactobacilli possess an antagonistic growth property, these bacteria may be beneficial as bioprotective agents for infection control. Non-antibiotic therapy (25) has recently been applied in the treatment of periodontal diseases and has resolved the problem of antibiotic resistance (30, 31) . However, whether the antagonistic growth activity is attributed to the lactobacilli themselves or their fermentative broth remains unclear.
The aim of this study was to determine the antagonistic growth effects of Lactobacillus salivarius and Lactobacillus fermentum as well as their fermentative broth on growth inhibition of periodontal pathogens, including Streptococcus mutans, Streptococcus sanguis, and Porphyromonas gingivalis.
In the present study, the antagonistic growth effects of these two species of lactobacilli and their fermentative broth were tested using both disc agar diffusion test and broth dilution method. In addition, their effects on the three well-known periodontal pathogens in vitro at different concentrations and for different durations were also compared.
MATERIALS AND METHODS

Bacterial strains and culture conditions
Bacterial strains, including Streptococcus mutans 
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Summarizing the preparation steps involved in the present study.
Disc agar diffusion test
Paper discs infused with different concentrations of fermented MRS were placed on the surface of agar plates inoculated with the three different bacteria mentioned above, and incubated at 37C for 24 hr in triplicate. Distilled water and 250 mg/mL of tetracycline were used as negative and positive controls, respectively. Each sample was tested by three repeated analyses. The diameter of the inhibition zone around the disc was measured (mm). The diameter of the inhibition zone for the negative control (dist. water) was 6 mm. 
Broth dilution method
Statistical analysis
Experimental results are presented as mean values. The
Kruskal-Wallis test was employed to detect the difference in in growth inhibition of periodontal pathogens among three or more than three groups, and Scheffe correction was performed to check statistically significant difference between groups. P value of less than 0.01 was considered significant. The data were analyzed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) statistical software.
RESULTS
Disc agar diffusion test
The growth inhibitory effects of the fermentative broth of cfu/ml) Lactobacillus fermentum treatment.
For Streptococcus sanguis, significant growth inhibition effects (p < 0.01) by 1-(5 x 10 7 cfu/ml), 10-(5 x 10 8 cfu/ml), and 100-fold (5 x 10 9 cfu/ml) of Lactobacillus fermentum or
Lactobacillus salivarius treatment were also found (Fig. 2) . For example, the growth of Streptococcus sanguis was completely inhibited after 14 hr of 1-and10-fold or 10 hr of 100-fold
Lactobacillus fermentum treatment, respectively.
For Porphyromonas gingivalis, when co-cultured with 5 x 10 7 cfu/ml, 5 x 10 8 cfu/ml or 5 x 10 9 cfu/ml Lactobacillus fermentum or Lactobacillus salivarius, significant growth inhibitory effects (p < 0.01) were also demonstrated (Fig. 2) Porphyromonas gingivalis in a dose-dependent manner.
Consumption of probiotics or their broth containing lactobacilli may benefit oral health. However, further and extensive researches including human studies are needed.
